INTRODUCTION
Developing urban transit system is the way to go for alleviating traffic congestions in cities with large population and dense land use. In order to promote the ridership of public transit, characteristics of travel demand need accurately understanding. An attitudinal market segmentation approach can help capture the travel demand through getting insight into the heterogeneity of transit riders. Accordingly, effective strategies and policies designated to different submarkets of bus users can be proposed to promote the development of transit system (Elmore 1998) .
Literature has received much attention in using attitudinal market segmentation to understand travel behaviors [Anable 2005 (2008) used SEM to identify potential transit markets, and found that sensitivity to time, need for fixed schedule and willingness to use transit were the best attitudinal factors to define market segments. Similar research was conducted by Li et al. (2013) , coming to the result of 6 bicycle commuting submarkets. In addition to policy implementations, they found most socioeconomic attributes do not show substantial characteristics among these submarkets. Meanwhile, the segmentation approach based on other variables such as socioeconomics, level of service and trip attributes has also been used in travel demand modeling (Badoe 1998 , Clark 1998 , Xing 2009 ).
Those studies mostly used SEM to extract latent attitudinal variables (Shiftan 2008 , a, b, Li 2013 . PCA, a factor analysis approach, is rarely used in transit market analysis. Compared with SEM, PCA is more straightforward and easier to use, so it is more promising for traffic practitioners. As a result, this study applies two factor analysis approaches along with K-means clustering to conduct transit attitudinal market segmentation. Some policy implementations are put forward, which are of significance to the development of sustainable transportation systems. 
METHODOLOGY 2.1 Explanatory factor analysis (EFA)
EFA is a statistical method to identify the underlying relationships among a large set of variables, and reduce data dimension such that only a few core factors remain. The remaining variables are known as latent variables. If the slope evidently changes at one point in the scree plot, the corresponding variable should be a latent variable (Cattell, 1966) . EFA involves three main steps: extraction, rotation and interpretation.
Principle component analysis (PCA)
PCA is essentially an orthogonal linear transformation. It is a standard procedure to convert a set of possibly correlated variables into a set of linearly uncorrelated variables. The resultant variables are called principal components.
K-means clustering (KMC)
KMC is one of the widely-used unsupervised learning algorithms. It aims to partition observations into different clusters. The algorithm will perform a clustering to minimize the distance inside each group while maximizing the distance between centers of groups. In this study, the objective of KMC is exactly to group transit riders with similar travel attitudes into submarkets.
DATA RESOURCE
A survey was conducted in Nanjing, China in April 2014. It includes questions regarding socioeconomic attributes and attitudes towards bus travel. The attitudinal questions (or statements) are carefully designed to reflect travelers' attitudes that may affect their choice of transit. The effective sample size is 600, which is used in this study. The responses are coded as: 5 -strongly agree; 4 -agree; 3 -somehow agree; 2 -disagree; 1 -strongly disagree. Results of some basic statistical analysis are shown in Table 1 and Figure 1 . It shows that people tend to have consensus on the effects of transfer -decreasing transfer times is likely to make transit more appealing. In addition, people do not have extremely strong needs for seats and much variability can be observed among them. Having a seat is not a key factor that affects transit ridership. As for socioeconomic attributes, some bias could be seen from the sample. For instance, there are more men than women, more people with higher education, more unmarried people with no kids, more people without automobiles and more people with bicycles. However, the survey has succeeded covering transit users with different attributes. The bias is not so evident to affect validity of our results.
RESULTS

Identification of latent attitudinal variables
The attitudinal variables are identified by EFA. Using SPSS Statistics 19 to do the analysis, it takes 6 iterations to converge for our dataset. The scree plot is shown in Figure 2 . 
Score of latent attitudinal variables
The score of those latent attitudinal variables will be utilized for cluster analysis. PCA can help identify 5 principle components, M 1 , …, M 5 , from the 15 statement variables. Accordingly, a standardized component matrix can be obtained where the statement variables are ordered and grouped based on the 4 attitudinal variables. The matrix is shown in Table 2 . Then, we collapse the statement variables into attitudinal variables and calculate s ij , the score of variable i under major component j, according to the information in Table 2 . For example, Table 2 where column j is the eigenvector η j associated with λ j . According to the eigenvalues, we obtain the weights ( 3) The factor analysis approaches have helped extract the latent attitudinal variables, making it ready for the market segmentation.
Transit market segmentation by KMC
Four transit attitudinal submarkets
Time Sensitivity (A 1 ), Comfort Level (A 2 ), Cost Sensitivity (A 3 ) and Transfer Sensitivity (A 4 ) are the 4 variables that is used for KMC. SPSS is also used here. Experiments show that when the number of clusters is 4, results are significant and the clusters are independent of each other. Convergence is achieved in the 9th iteration. Logistic regression is used to test the correlation between different segments. None of the regression parameters are significant at 0.01 level and little correlation is found between the segments and socioeconomic features. This shows the result of clustering is statistically significant. 4 clusters correspond to 4 submarkets and the number of travelers in the submarkets is 76, 121, 140, 263 and 600 in sequence.
Characteristics of submarkets
The four transit submarkets have distinct attitudinal characteristics, which can be visualized in Figure 3 . Submarket 1 is a group of transit users with high time sensitivity, low demand of comfort level, medium cost sensitivity and high transfer sensitivity; submarket 2 is a group of transit users with low time sensitivity, medium demand of comfort level, low cost sensitivity and medium transfer sensitivity; submarket 3 is a group of transit users with high time sensitivity, high demand of comfort level, medium cost sensitivity and low transfer sensitivity; submarket 4 is a group of transit users with high time sensitivity, high demand of comfort level, high cost sensitivity and high transfer sensitivity.
Policy implications for submarkets
This approach groups travelers with similar attitudes towards transit. Characteristics of various segments can help traffic planners develop targeted policies that best serve the needs of each submarket and therefore promote transit ridership.
Travelers in submarket 1 and 4 are very sensitive in time and bus transfers. To encourage them to use transit, rapid transit service that connects their major work and residential districts can be designed. This makes travel time shorter and more predictable, and the number of transfers is expected to decrease. Another direction is to improve the transfer facilities to decrease transfer distance and time and improve transfer safety and environment. Also, bus information can be available at the facilities such that the travelers will feel more certain about their waiting time if a transfer is needed.
Travelers in submarket 2 have both low time and cost sensitivity. They tend to be regular transit riders who are rather insensitive to the level of service. Captive riders probably belong to submarket 2, whose travel demand by bus is basically inelastic.
Travelers in submarket 3 have strong desires in comfort level. Providing buses with better environment such as more seating space and less noise can make them more competitive to private cars. A good strategy is to update transit vehicles with moderate cost, which is highly likely to attract these travelers.
Travelers in submarket 4 have high cost sensitivity. It will be a bad strategy to increase the ridership of buses if transit companies raise the fares when a large proportion of these transit riders is observed. Providing conventional transit service with normal price, which is relatively low, will be good for this submarket. 
CONCLUSIONS
This paper uses attitudinal market segmentation approach to study the transit market. With the help of factor analysis approaches, latent attitudinal variables are extracted, based on which the K-means clustering is applied to achieve the segmentation. 4 attitudinal segments are found, and policy implementations are specifically provided according to the characteristics of each submarket. For future research, the SP survey on attitudes is expensive to some extent, and it is unable to know the attitude of transit riders in future years. These pose some limitations for the approach to be applied to transport planning. Therefore, it is of great significance to directly predict the attitudinal segmentation based on socioeconomic attributes that can be obtained from some data used for urban planning. Machine learning can play the role. Finding good machine learning methods is the direction for follow-up studies.
